Purpose: Flexibility has been considered one of the most important goals in rehabilitation. This study aimed to investigate the effect of transcutaneous electrical nerve stimulation (TENS) with the static stretching technique on the flexibility of hamstrings. Methods: Twenty-four subjects (15 men, 9 women) with limited hamstrings flexibility received three different intervention sessions in random order. The treatment sessions included static stretching (SS), static stretching with motor-level TENS (SS with motor TENS) and sensory-level TENS (SS with sensory TENS). All sessions of SS were performed in the straight-leg raise position for 30 seconds followed by rest for 15 seconds, in repetitions for 10 minutes using a belt. The TENS groups underwent TENS stimulation (40 μs, 100 Hz) during the stretching for 10 minutes. Outcome measures were evaluated according to active knee extension (AKE) and recorded before the session and at 0, 3, 6, 9, and 15 minutes after the session. Results: There was significant improvement in hamstrings flexibility within all groups (p< 0.05). SS with TENS (both sensory and motor) maintained significant increases in knee extension range of motion until 15 minutes post-treatment. In contrast, the SS-only group maintained significantly increased hamstrings flexibility only until 6 minutes post-treatment (p< 0.05). Conclusion: Improvement in hamstrings flexibility with SS with TENS was maintained longer than with SS-only intervention. Electrical stimulation with stretching may be more effective than SS alone for increased duration of maintained hamstrings flexibility.
INT RODUCTION
Flexibility has been defined as the ability of a muscle to lengthen and to allow one joint (or more than one joint in a series) to move through a range of motion (ROM) without limitation or pain. 1, 2 Flexibility of muscles is an essential component for injury-prevention and rehabilitation. 3 Muscle tightness is caused by a decrease in the ability of the muscle to deform, resulting in decreased ROM of the joint on which it acts. 4 Plans to maintain the flexibility of muscles are of concern to physical therapists, physical educators, and rehabilitation specialists. 1, 2 The length of the hamstrings muscles is considered to play an important role in both the efficiency of basic human movements, such as walking and running, and their effectiveness. 5 Hamstrings shortening may affect the fundamental features as well as walking-posture changes associated with various musculoskeletal disorders related to the lumbar spine, such as low back pain. 5, 6 Therefore, it is necessary to increase the flexibility of the hamstrings by stretching for people with shortened hamstrings.
Clinically, flexibility has been considered one of the most important goals in rehabilitation, and stretching techniques are mainly used in exercises for preparing and finishing athletes for competition, and for the general public. 7, 8 To increase hamstrings flexibility, static stretching (SS), ballistic stretching, proprioceptive neuromus-
METHODS

Subjects
The subjects were 24 individuals (15 men, 9 women) with limited hamstrings flexibility. The average age of subjects was 23.4 ±1.6 years, the average height was 169.0 ± 7.3 cm and the average weight was 61.9 ± 8.1 kg. All subjects had hamstrings tightness, defined as a loss of 30° or more from full extension with the hip at 90°. 7 All subjects had no history of orthopedic or neurologic disorders in the hips, knees, or lower back for the previous 3 months. The subjects were informed about the purpose of the present study and its procedures, and written informed consent was obtained from all subjects.
Instruments and measurement
To evaluate the effect of stretching, active knee extension (AKE), passive knee extension (PKE), sit-and-reach, and straight-leg raise (SLR) have traditionally been used. 7 Clinically, the AKE test is often recommended because it eliminates pelvic rotation and measured hamstrings length selectively than others. In the supine position, the ipsilateral hip is positioned at 90° of flexion and the subject fully extends the knee joint. The AKE test has a high test-retest reliability (0.99).
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The hamstrings flexibility measurement procedures in this study were as follows: in the supine position, the subject placed his or her dominant leg on a fixed metal experimental frame that maintained the 90° flexion position, and a towel was placed between the T12 and L5 vertebral levels to minimize the effect of other movements on the results. The non-dominant leg was fixed by a strap in the middle of the thigh. 7, 19 The angle of knee extension was measured with an electronic inclinometer (Dualer IQ the smarter inclinometer, JTECH medical, Salt lake, USA), which is a reliable measurement with high intraclass correlation coefficients (ICC-3, k) of > 0.95. 20 AKE angle (degree) and increased flexibility percentage from the initial angle was compared of each time.
Intervention
The subjects, who all had limited hamstrings flexibility, received 3 different intervention sessions in random order: SS alone, SS with motor TENS, and SS with sensory TENS. AKE was used to evaluate the flexibility of the hamstrings, with measurements at the beginning of the study and 0, 3, 6, 9, and 15 minutes after each stretching program. 7 Between each treatment, a break was taken for at least 24
hours to minimize carry-over effects. Each stretching intervention was performed for 30 seconds with rest intervals of 15 seconds, and repetitions were performed for 10 minutes. 19 
1) Static stretching (SS)
In the supine position, each subject maintained a full knee-extended position with ankle joint neutrality (90°), and stretched the hamstrings muscle passively to the point of a "strong, but tolerable stretch" until feeling no pain, using a belt. 21 The participants performed the stretches for 30 seconds, rested for 15 seconds, and repeated the cycle for 10 minutes.
2) Static stretching with TENS
During SS, two electrodes were applied in parallel on the upper and lower hamstrings muscles for 10 minutes (100 Hz, 40 μs). 22 Sensorylevel TENS was set at an intensity that felt most comfortable. Motorlevel TENS was applied to a level of discomfort, at least until visible contractions were induced, starting with 1 mA. 
RESULTS
Comparison AKE in within-group
There were significant changes in the measurement points regardless of group (p < 0.05), but there were no differences in hamstrings flexibility of the three groups before the intervention (p < 0.05).
Measurements at 3, 6, and 9 minutes after the intervention per the angle of flexibility were different from before SS intervention (p < 0.05). Also, in SS with sensory-and motor-level TENS, measurements of flexibility of the angle had significant differences at 3, 6, 9, and 15 minutes after the intervention, compared to before the intervention (p < 0.05) ( Table 1) .
Comparison AKE in between-groups
There were no significant differences before the intervention or 3 minutes after the intervention among the three groups. After 6, 9, and 15 minutes, hamstrings flexibility was different in the three stretching groups (p < 0.05). After 6 and 9 minutes, each group (SS alone compared with SS with motor TENS, and SS with sensory TENS compared to SS with motor TENS) had significant differences in hamstrings flexibility (p < 0.05). After 15 minutes, only the SS with motor TENS group had significant differences in hamstrings flexibility (p < 0.05) ( Table 1) .
DISCUSSION
This study aimed to evaluate the effects of three stretching interventions and the subsequent duration of increased flexibility over time,
targeting young men and women with limited hamstrings flexibility. TENS applied intensity of this study was different depending on individual perception. There was only one study that combined stretching exercise and TENS without distinction of TENS intensity level. 22 However, this study was divided into sensory-level TENS and motor-level TENS to evaluate the result. Approximately, sensory level TENS intensity was 16-38 mA and motor level TENS intensity was 55-65 mA.
In a previous study, the SS technique helped to increase ROM, and SS combined with TENS or cold was more effective than SS alone. 1, 24 This study also showed a significant increase in hamstrings flexibility with SS alone and SS applied with TENS, compared to before the intervention. However, the SS combined with TENS group showed a greater incremental increase than did the SS group.
Of these, the SS with motor TENS group was the highest (20.74%) when compared to the SS with sensory group (18.80%) and the normal-SS group (16.85%).
To induce the contraction of muscle to increase flexibility, the techniques of hold-relax, eccentric contractions, etc. have been reported to influence flexibility through muscle-neurological mechanisms. 8, 10 Based on the proprioceptive neuromuscular facilitation (PNF) technique, the hold-relax technique induces relaxation after a maximum isometric contraction of the muscles that need increased flexibility. 3 Eccentric contraction is a technique that applies dynamic extension of the agonist and contraction of the antagonist. In this way, metabolism is increased and there is improved flexibility of muscles via the local temperature increase in the deep muscles, 
